In 1954 Macleod described a syndrome of clinical signs and radiological appearances in the following words: 'The main features are quietening of the breath sounds and lessening of the radiographic lung markings with persistently greater transradiancy over one lung, the condition being distinguishable from simple unilateral obstructive emphysema by the small or normal size of the affected side and the absence of evidence of bronchial obstruction'. His study was based on nine cases. He went on to describe how movements of the diaphragm on the affected side are diminished, withshifting of the mediastinum towards the opposite side during expiration. In five of his patients he noted the presence of wheezing on both sides during expiration.
Since 1954 this syndrome has been noticed more frequently and has received attention from other workers. Reid and Simon (1962) studied the radiological aspects of 12 patients with the morbid anatomical and histological findings in three who had been treated by pneumonectomy. They demonstrated bronchographically that there was no obstruction to the larger bronchial branches, but that the finer bronchi and bronchioles filled poorly with the contrast medium and were irregular and distorted in outline, indicating peripheral obstruction. Examination of three lungs removed by operation showed that they were emphysematous and confirmed that the bronchioles were distorted and even obliterated by fibrosis. These lesions were patchily distributed throughout the lung. The main pulmonary arteries were virtually normal, but the peripheral branches (at acinar level) were diminished in number. The authors put forward the hypothesis that these findings were the late result of a severe bronchiolitis in infancy or early childhood, occurring before the development of the gas exchanging part of the lung was complete, and that subsequent development was arrested on account of failure to ventilate the lung properly. Other authors dispute these views on the aetiology (Belcher, Capel, Pattinson, and Smart, 1959) . Clinical reports emphasize the frequency of productive cough in subjects with this abnormality who come under medical observation. They are said to be unusually prone td repeated chest infections (Dornhorst, Heaf, and Semple, 1957; Darke, Chrispin, and Snowden, 1960;  Fouche, Spears, and Ogilvie, 1960) . The physiological investigations of these and other authors (Bentivoglio, Beerel, Stewart, Bryan, Ball, and Bates, 1963a; Bates and Christie, 1964) show that the transradiant lung takes little part in gas exchange and emphasize the danger to the patients of damage from any cause to the better lung. It is clear that the prognosis in these patients depends on the condition of this lung. Some attention has been given to this by Dornhorst et al. (1957) and Darke et al. (1960) , who have used bronchospirometry to obtain important information. The first group found that in two patients under anaesthesia unusually high pressures were required to inflate the affected lung, which emptied very slowly, indicating a high degree of airway obstruction; the other lung in these patients behaved normally. Darke et al. (1960) measured the gas exchange in the two lungs and found that the affected lung was responsible for only 21 % of the total oxygen uptake and that intrapulmonary gas mixing was greatly impaired; they confirmed Dornhorst's finding of airways obstruction in the affected lung. They also mention that gas mixing in the better lung was abnormal. Bentivoglio et al. (1963a) , in discussing three cases, state that 'Truly unilateral involvement of this kind results in slight total functional impairment and little if any disability'. Our experience leads us to believe that 'truly unilateral' involvement is rather rare; the distribution of the typical lesion may even be confined to only a part of one lung (as in our case 7). Whether cases such as this should be called Macleod's syndrome at all is debatable in view of the description quoted above, but the essential radiological and pathological changes are the same; Scadding (1965) has suggested 'hypertransradiancy attributable to bronchiolitis obliterans of childhood' as an appropriate description of these changes, no matter what their distribution.
In the present report we describe seven further patients studied in some detail with our attention specially directed to the function of the unaffected lung. In six of the patients a whole lung was transradiant; four of these were on the right side and two on the left. In the seventh patient the transradiancy was on the left but was confined to the left lower lobe.
METHODS
The symptoms presented by the patients were recorded by one observer using a questionnaire based on that devised by the M.R.C. Committee on Chronic Bronchitis (1960) and its appendix (Fletcher, HughJones, McNicol, and Pride, 1963) . The severity of the symptoms was graded according to the answers in the way recommended by the Committee.
Clinical and radiological studies were carried out, special attention being directed to the physical sign of unilateral diminution of breath sounds.
The lung function was assessed as a whole using standard methods for measuring forced vital capacity and forced expiratory volume at one second (F.V.C. and F.E.V.i.o); airway conductance (the reciprocal of airway resistance) and lung volume measured in body N plethysmograph (Comroe, Botelho, and DuBois, 1959; Briscoe and DuBois, 1958) ; gas transfer factors at rest and during exercise (TLC) using a steadystate procedure with end-tidal sampling (Bates, Boucot, and Dormer, 1955) ; total lung capacity (T.L.C.) and its subdivisions (functional residual capacity (F.R.C.) and residual volume (R.V.)), using the closed-circuit helium dilution technique (McMichael, 1939) ; and measurement of arterial blood gases at rest and immediately after exercise. For this we used a series of electrodes for measuring oxygen and CO2 tensions and pH; the haemoglobin saturation with oxygen was interpolated from standard haemoglobin dissociation curves (Dill, 1944) . The electrodes were calibrated before and after the measurement of each sample.
In addition, measurements of regional lung function were carried out using radioactive xenon (l33Xe) as a tracer. Briefly, the procedure is as follows (Mannell, Prime, and Smith, 1966) . Six counters are placed anteriorly and six posteriorly on the chest wall of the seated immobile patient, covering upper, middle, and lower zones on each side of the chest. Anterior and posterior counts registered in each zone are summated throughout. l33Xe dissolved in sterile saline is injected intravenously through a fine nylon catheter placed in the superior vena cava, and the patient holds his breath in maximal inspiration. The surface counts in each lead record the distribution of perfusion in each zone as a plateau (Rp) during the breath-holding period. A maximal inspiration of 133Xe in air from a spirometer likewise records a rise in counts in each zone as a plateau (RI) during a further breath-holding period. Then the patient rebreathes in a closed-circuit spirometer system containing air and xenon and maintained at a constant volume by the addition of oxygen. A mixing, 'washin' curve is recorded in each zone. When the patient has equilibrated in each zone, or at the end of six minutes, a maximal inspiration is held for a further short period, when another plateau (RE) is recorded. An interval of at least five minutes is allowed between each manceuvre, during which the patient breathes room air.
CALCULATIONS The share of ventilation to each zone on a single maximal inspiration is called the static ventilation or V-index. It is calculated thus: RI RE cRI ERE The first of these ratios indicates the share of the initial breath which reaches each region and the second indicates the proportion of the total volume surveyed into which each share goes. In other words, the V-index tells us the share of the initial breath which enters unit volume of ventilated lung in each region. It should be noted particularly that the index tells us nothing about the absolute ventilation of any part of the lung but only about the relation between one part and another.
The 'perfusion index' (or Q-index) is calculated in a similar way after the injection of a solution of 133Xe in saline. Here the regional counting rates (Rp) are compared with the same equilibrium counting rates as were used for the V-index as follows:
This indicates the share of the total blood-flow which each unit volume of ventilated lung surveyed receives. A third and, we believe, important piece of information is derived from the 'wash-in' period of equilibration called the 'dynamic distribution indices'.
These are based on the times required to reach 90% of full equilibrium after standardizing for the alveolar ventilation during this period, as described by Bentivoglio, Beerel, Bryan, Stewart, Rose, and Bates (1963b) .
RESULTS
The detailed results are shown in Tables I to V. Table I shows the grading of the symptoms in each patient. For the purposes of this study we decided that a patient suffered from chronic bronchitis when he had at least grade 1 cough and sputum coupled with grade 2 for history of chest illness. Judged by these criteria four of the patients were bronchitic. It is worth noticing that six of the patients had limitation of exercise tolerance due to shortness of breath, which varied between the patients from mild to quite severe. Table II shows the lung volume, ventilatory capacity, and airway conductance data. In five of the patients the functional residual capacity is raised beyond the predicted values by an average of 1,085 ml. and the ratio of residual volume to total lung capacity is higher than normal in all cases. Vital capacity is reduced in every instance and six of the patients have gross air-trapping as shown by the difference between the vital capacity and the F.V.C. In five of the patients the .E.V.1.F.V.C. ratio is at or below 40%.
Airway conductance is abnormal in five out of seven, is normal in one, and higher than the predicted value in the last.
The gas transfer factors at rest and during exercise are shown in Table HI . At rest, all the values are-low except one (M. E.) and fail to rise satisfactorily on exercise in all except one (D. C.). Percentage extraction is below normal in four. Table IV shows the findings of arterial blood gas analysis. The pH and the percentage saturation of oxyhaemoglobin in arterial blood is normal in all cases, but the Po2 was below 95 mm. Hg at rest in five patients. After exercise only one of these five patients had a Po2 above 95 mm. Hg. In two (A. K. and A. S.) the Po2 fell with exercise further below the normal value. The Pco2 at rest was below the normal range (36 to 42 mm. Hg) in two patients, indicating hyperventilation. In neither case did it rise to within normal limits with exercise. In one further patient (A. K.) the Pco2 rose with exercise to 46 mm. Hg.
The regional ventilation and perfusion findings are shown in Table V . The V-indices and Q-indices are reduced only in the transradiant lungs. In aU the patients the V-indices are reduced in the lower zones; in addition the mid-zone is involved in two patients. The Q-indices are reduced wherever the V-indices are reduced; the perfusion of the mid-zone of the transradiant side in two of the patients (D. C. and A. S.) is reduced without evidence of reduction of ventilation. The dynamic distribution indices are impaired on the transradiant side in all zones in all the patients except H. S., and in addition this value is low in five of the patients in at least one region on the opposite side; in two of the patients (E. L. and H. S.) the whole of this lung is affected.
DISCUSSION
Our patients were culled from a 'hospital population', and to this extent cannot, perhaps, be taken as typical representatives of all subjects who might exhibit Macleod's syndrome. This point is relevant in considering the frequency of symptoms in these cases. Bates and Christie (1964) write that 'there may be no dyspnoea even Table I ). We find that young patients, such as M. E. in our series, seldom complain of any symptoms, but when questioned they may admit to some abnormal limitation of exercise tolerance. Only four of our patients were investigated specifically on account of breathlessness, the others being referred because of the abnormal radiological pattern. We cannot dispute the widely held opinion that patients who have this condition show symptoms only when the contralateral lung is affected by other disease, such as bronchitis, but we wonder whether it is likely that the sound lung can escape completely from the childhood infection which some authorities (Reid and Simon, 1962) think. is the initial cause of the condition. It is interesting to note in this connexion that unequivocal evidence of a serious childhood chest infection is available in all except one of our patients (Table  I) . We judged four of them to be bronchitic, and six had histories of recent chest infection. These findings regarding the proportion with chronic We agree with all previous writers on this topic that the adequate functioning of the better lung is of prime importance to the patient. For this reason we have made a number of deductions from our laboratory data. Consider first the vital capacity. Bronchospirometric observations on normal subjects have shown that this should be distributed between the two lungs in the proportion of 54% on the right side and 46% on the left (Svanberg, 1957) . In Table VI we have partitioned the predicted vital capacity of all our patients in this way. These results can be compared with the estimates of the distribution of the observed vital capacity which we have made from the regional lung function data. Bates, D. V., and Christie, R. V., Philadelphia, 1964 The manner in which the calculation was made can be most easily explained by taking the first patient (M. E.) as an example. When this patient took a vital capacity breath of gas from the spirometer containing a trace of radioactive xenon, the counters over the chest wall gave readings which were a measure of all the radioactive gas which entered the part of the lung 'seen' by the counters. The sum of all the readings on one side may be taken as an estimate of the total amount inhaled on that side. In this case the total counts on the right amounted to 304 per In a somewhat similar way it is possible to assess the conductance of the airways of the lungs separately. We bear two facts in mind; first, that in a conducting system arranged in parallel, as the lungs are, the total conductance is equivalent to the sum of the conductances of its parallel components; secondly, that as Briscoe and DuBois have shown (1958), the conductance of the normal lung is directly proportional to its volume. We predicted the conductance of the better lung from its estimated volume. The lung volume at which conductance was measured was divided between the two lungs in the ratio of the sums of the counting rates on each side after the equilibration part of the regional function test; these rates are proportional to the volumes of lung surveyed in the various regions. The predicted conductance for the better lung was then calculated from the formula Conductance=0-13 x lung volume (Briscoe and DuBois, 1958) . In five out of the seven patients the values thus predicted for the better lung (see Table VII ) are between two and three times the observed value for both lungs together. This means that, even if the conductance of the affected lung were negligible, that of the better lung is still below the normal range. It is quite possible that the observed values for total conductance are, in fact, due mostly to the contributions of this lung because the rapid, shallow breathing which is used during the measurement of airway conductance will reduce the ventilation of the abnormal lung The lowest expected conductance of the contralateral lung is calculated from its estimated volume on the assumption that the airways are normal. The predicted conductance is similarly calculated from the lung volume given in column 3.
to a minimum. We conclude, therefore, that the conductance of the so-called normal lung is low in most of our patients. In the two exceptions to this, one (M. E.) had no spirographic evidence of airways obstruction and the other (H. S.) had only the lower lobe of the left lung affected and also had little gross evidence of airways obstruction overall. One consequence of this uneven distribution of airway conductance can be seen in the distribution and mixing of inspired gas within the lung. As shown in Table IV , mixing is slow in the transradiant lung in every patient and is also uneven on the unaffected side in all except two patients.
It is no surprise to find that the gas transfer factors are abnormal in patients who have such a serious derangement of at least a large part of one lung, nor is there any difficulty in reconciling these findings with the measurements of the arterial blood gas pressures. The most probable explanation for both abnormalities is in the relative unevenness of ventilation and blood flow in the lungs. Calculations of the blood-gas tensions which we would expect to find in our patients have been made from the cbserved ventilation/ perfusion ratios tabulated in Table VIII 
